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with the formal requirements of the Patents Rules 1990. 
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2284866 

Title of thfi Invention 

Double-Row, Ball Bearing and Method of Producing the same 

Fi&ld o-F -Mil* Tnvftntinn 

The present invention relates to a double-row ball bearing 
adapted to be assembled In various precision rotary 
components, for example, spindle motors, rotary actuators, 
rotary encoders and the like for video tape recorders (VTR), 
hard disk drives (HDD) and laser beam printers (LBP) in order 
to rotatably support their rotating elements. 
Description of thft Related Art 

A pair of mutually independent ball bearings (of either the 
deep groove type or the angular type) have heretofore been 
employed to rotatably support a spindle of VTR or HDD while 
preventing whirling (i.e., motions in a direction 
perpendicular to the spindle) and/or axial deviations. A 
double-row ball bearing has also been proposed to be used in 
order to make efficient the assembly of ball bearings in a 
rotatably supporting mechanism. 

A double-row ball bearing Is comprised of a spindle or shaft 
2, which has a pair of inner raceways 1 of deep groove type in 
an outer peripheral face thereof as shown in Fig„l(A), an 
outer ring or race 4, which has a pair of outer raceways 3 of 
deep groove type in an inner peripheral face thereof as 
depicted in Fig. 1(B), and a plurality of balls 5 rotatably 
provided between the inner raceways 1 and the corresponding 
outer raceways 3. The spindle or shaft 2 is concentrically 
combined with the outer ring or race 4 as illustrated in 
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Pig. 1(C). There Is a radial spacing 8 which extends in a 
circumferential direction between the outer raceway 3 and the 
inner raceway 1. 

Fig* 1(C) also shows retainers 6 for holding the balls 5 at 
equal angular intervals and seals 7 for preventing dust and 
the like from penetrating into the ball-inserted parts. 

Although the construction of such a double-row ball bearing 
as shown in Pig. 1(C) has been known, it has heretofore been 
difficult to manufacture a double-row ball bearing suitable 
for use in supporting a spindle in VTR or HDD. This can be 
attributed to the reasons to be described next. 

A ball bearing for use in supporting a spindle in VTR or 
HDD is required to have extremely high accuracy in order to 
avoid whirling motions and axial displacements. Therefore, a 
ball bearing f c r use in supporting such a spindle is used in a 
state preloaded in an axial direction. 

Upon insertion of the balls 5 between each inner raceway 1 
and its corresponding outer raceway 3 to assemble the deep- 
groove ball bearing, on the other hand, the inner raceway 
1 and the outer raceway 3 are brought into an eccentric 
relationship to partly widen the radial spacing 8 which 
extends in a circumferential direction between the raceways 1 
and 3, at a part thereof as illustrated in Fig. 2. From the 
widened part of the spacing 8, the balls 5 are inserted 
between the inner raceway 1 and the outer raceway 3 as many as 
desired. Thereafter, the inner raceway 1 and the outer 
raceway 3 are rendered concentric with each other and the 
desired number of the balls 5 are disposed at equal angular 



intervals. 

To rearrange the plural balls 5 which have been inserted 
together in the widened part of the spacing 8, at equal 
angular Intervals as described above, it is necessary to make 
the individual balls 5 slide on and relative to the inner 
raceway 1 and the outer raceway 3. If the individual balls 5 
aire strongly pressed by the inner raceway 1 and the outer 
raceway 3, in other words, are in a preloaded state at this 
time, rolling surfaces of the inner raceway 1, outer raceway 3 
and balls 5 are prone to damage. Their damage leads to such a 
problem such that vibrations may occur during rotation or the 
durability may be impaired. 

In the case of the construction that a pair of single-row 
deep ball bearings are arranged at an interval as disclosed, 
for example, in Japanese Patent First Publication K0KAI No. 
S57-200722, on the other hand, each ball bearing is assembled 
in a state not applied with a preload so that this 
construction is free of such inconvenience as referred to 
above. However, the assembly work of the ball bearings is 
cumbersome . 

Further, double-row, deep-groove ball bearings useful in 
tension pulleys or water pumps are disclosed, for example, in 
Japanese Patent First Publication KOKAI Nos. S61-65913 and 
S61-79899 and Japanese Utility Model First Publication KOKAI 
Nos. S50-101753 and S56-127456. These bearings are however 
not required to have very high rotational accuracy and are 
used in a state not applied with preload. They cannot 
therefore be used to support spindles in VTR, HDD or the like. 
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Japanese Patent: First Publication KOKAI No- S61-145761 
discloses a double-row angular ball bearing while Japanese 
Utility Model First Publication KOKAI No. S 62-22323 discloses 
a double-row ball bearing constructed in combination of a 
deep-groove ball bearing and an angular ball bearing. To 
assemble an angular ball bearing, it is necessary to heat an 
outer race as disclosed, for example, in Japanese Utility 
Model Publication KOKOKU No. S39-3916 so that the outer race 
or ring is caused to expand by heating to protect shoulder 
portions of each raceway and/or rolling surfaces of balls when 
the balls pass along the shoulder portions. The assembly work 
is therefore Irksome. 

Japanese Patent Publication KOKOKU No. S 57 -1409 12 discloses 
the invention in which a double-row, deep-groove ball bearing 
is equipped with an outer race or ring comprised of a main 
outer race and a subordinate outer race axially dlsplaceable 
relative to the main outer race, and assembled in a state not 
applied with preload before the subordinate outer race is 
caused to displace axially to apply a predetermined preload 
and is then fixed by a retaining member. It also discloses 
the Invention in which a predetermined preload is applied by 
axially pressing the subordinate outer race with a spring. 
The Inventions disclosed in this patent publication, however, 
requires such a retaining member or spring. This results in 
more cumbersome management or control of parts and also in 
more irksome assembly work. Moreover, the ball bearing may 
require an unduly large axial length. 
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U.S. Patent No. 4, 900,958 discloses such constructions as 
shown in Figs. 3 and 4, respectively. In the case of the 
construction depicted in Fig. 3, a pair of ball bearings 9 of 
the deep groove type (or of the angular type) are disposed 
between an outer peripheral face of a spindle or shaft 2 and 
an inner peripheral face of a housing 10, and the ball 
bearings 9 have their the inner races or rings 11a, lib pushed 
in a direction approaching toward each other to apply a 
preload to balls 5 of both the ball bearings 9. 

Specifically, an end face of the inner race or ring 11a 
located on the right-hand side as viewed in Fig .3 is brought 
into abutment against a stop ring 12 and the inner race or 
ring lib on the left-hand side as viewed in Fig. 3 is pushed 
toward the stop rin^ 12, whereby a preload is applied. The 
inner race or ring lib is fixed on the spindle or shaft 2 by 
an adhesive or shrink fitting. It is therefore necessary to 
continuously push the inner race or ring lib toward the stop 
ring 12 under a load equivalent to the preload until the 
adhesive solidifies or the inner race or ring lib so heated 
shrinks • 

In the case of the construction illustrated in Fig. 4, on the 
other hand, a pair of inner raceways 1 are formed in rows in 
an outer peripheral face of a spindle or shaft 2. A spacer 13 
is arranged axially between a pair of outer races or rings 4 
which are internally fitted in a housing 10. By the spacer 
13 , both the outer races or rings 4 are pushed in a direction 
moving away from each other so that a preload is applied to 
balls 5. 
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Further, Japanese Utility Model First Publication KOKAI No. 
H3-36517 discloses such a construction as shown in Fig. 5. By 
a leaf spring 14 held between a pair of outer races or rings 
4, the outer races or rings 4 are both pushed in a direction 
moving away from each other so that a preload is applied to 
balls 5» 

Japanese Patent First Publication KOKAI No* H3-222661 and 
U.S. Patent No. 5,045,738 disclose such constructions as 
illustrated in Figs. 6 and 7, respectively. In the 
construction of Fig. 6, a preload is applied by pushing with a 
leaf spring 14 an outer race or ring 4 internally fitted in a 
housing. In the construction of Fig. 7, on the other hand, an 
outer race or ring 4 is fixed on the housing 10 by an adhesive 
or shrink fitting while applying a predetermined preload. One 
of the outer raceways 3, in double-rows is formed in an inner 
peripheral face of the outer race or ring 4 while the other 
outer raceway 3 is formed in an inner peripheral face of the 
housing 10. 

Although illustration by drawings is omitted, Japanese 
Patent First Publication KOKAI No. S6 1-145761 and U.S. Patent 
No. 4,713,704 discloses such a construction that one of 
double-row inner raceways is formed in an outer peripheral 
face of a spindle or shaft, the other inner raceway is formed 
in an outer peripheral face of an inner race or ring 
externally fitted on the spindle or shaft, and the inner race 
or ring is adhered and fixed to the spindle or shaft with 
balls being applied with an appropriate preload. 
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The above-described constructions of Figs .3 to 7 and that 
disclosed in Japanese Patent First Publication KOKAI No. S61- 
145761 are accompanied not only by the problems that they 
require cumbersome assembly work and parts management or 
control as described above but also by the problem that they 
tend to develop small vibrations. 

Specifically, in each of the above-described conventional 
constructions , each inner race or ring 11 or outer race or 
ring 4 tends to tilt upon preloading although the extent of 
the tilting may not be very large, because the inner race or 
ring 11 is loosely fitted on the spindle or shaft 2 in the 
case of the construction shown in Fig. 3 or the outer race or 
ring 4 is loosely fitted in the housing 10 in the case of the 
constructions illustrated in Figs. 4 to 7, respectively. When 
tilted, the bearing so assembled produces small vibrations 
during rotation, leading to the potential problem that the 
performance of HDD or the like with the bearing assembled 
therein may be reduced. 

The Inventors of this application disclosed in Japanese 
Patent First Publication KOKAI No. H6-221326 a preloaded, 
double-row ball bearings as shown in Figs. 8(A) through 12(B). 
A ' first example of the preloaded double-row ball bearings is 
produced in the steps as shown in Fig. 8(A) to Fig. 8(D). A 
spindle or shaft 15 has a small-diameter portion 15a and a 
large-diameter portion 15b which are connected at a stepped 
portion 15c as shown in Fig. 8(A). In an outer peripheral face 
of the large-diameter portion 15b, a first inner raceway 16 of 
the deep groove type is formed. An inner race or ring 17 has 
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an Inner diameter which is slightly smaller than an outer 
diameter of the small-diameter portion 15a in a free state. 
This inner race or ring 17 has a second inner raceway 18 of 
the deep groove type in an outer peripheral face thereof* 

Upon manufacture of a rolling bearing having the spindle or 
shaft IS and the inner race or ring 17, the inner race or ring 
*7 is, in a first step, externally fitted on the small- 
diameter portion 15a of the spindle or shaft 15 with 
sufficient strength of fitting (i.e., with strength sufficient 
to prevent any displacement of the inner race or ring 17 
relative to the small -diameter portion 15a even under a 
reaction force produced upon application of a preload) as 
illustrated in Fig. 8(B). A pitch P x between the first inner 
raceway 16 in the outer peripheral face of the large-diameter 
portion 15b and the second inner raceway 18 in the outer 
peripheral face of the inner race or ring 17 is set longer 
than a pitch p ± (Fig. 8(D)) required to apply a predetermined 
preload to the rolling bearing after its completion (i.e., 
Pl>Pl). 

As a second step, the spindle or shaft 15 and the inner race 
or ring 17 assembled together in the first step is next 
inserted inside a cylindrical outer race or ring 19. A pair 
of deep groove type outer raceways 25 are formed in an inner 
peripheral face of the outer race or ring 19. The paired 
outer raceways 25 are positioned opposite the first inner 
raceway 16 and second inner raceway 18 respectively. 

In a third step, the spindle or shaft 15 and the inner race 
or ring 17 are next made eccentric with the outer race or ring 
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19 so that, as illustrated In Fig, 2 described above, the 
radial spacings 8 extending in a circumferential direction 
between the paired outer raceways 25 and the first and second 
inner raceways 16, 18 are partly widened. Through the widened 
parts of the spacings 8, balls 5 are inserted into the 
respective spacings 8 as many as desired. 

In a fourth step, the spindle or shaft 15 and the inner race 
or ring 17 are then brought into a concentric relationship 
with the outer race or ring 19 while moving, in a 
circumferential direction, the desired numbers of balls 5 
inserted in the respective spacings 8 between the paired outer 
raceways 25 and the first and second inner raceways 16, 18, 
whereby the balls 5 are arranged circumferentially at equal 
intervals . 

In addition, the retainers 6 are disposed on the respective 
rows of balls as illustrated in Fig. 8(C), so that the balls 5 
are held circumferentially at equal intervals. 

Seals 7 can also be arranged, as needed, on the inner 
peripheral face of the outer race or ring 19 at opposite end 
portions thereof. At this point, no preload has yet been 
applied to the individual balls 5. 

In a fifth step, the inner race or ring 17 is finally 
displaced axially (i.e., leftwards as viewed in Fig. 8(D)) on 
the outer peripheral face of the spindle or shaft 15 toward 
the stepped portion 15c, whereby the pitch between the first 
inner raceway 16 and the second inner raceway 18 is shortened 
to the pitch p 1 which is required to apply the predetermined 
preload. At this point, the balls 5 has been applied with the 




predetermined prelord so -that the bearing is completed as a 
preloaded rolling bearing. Even at the time of completion of 
the assembly, there is a clearance between the stepped portion 
15c and the end face of the inner race 17 closer to the 
stepped portion 15c. 

In the preloaded rolling bearing obtained as described 
above, a holding force greater than an axial load 
corresponding to the preload occurs based on a frictional 
force of the interference fitting between the inner peripheral 
face of the inner race or ring 17 and the outer peripheral 
face of the small-diameter portion 15a. Consequently, without 
coating an adhesive between the spindle or shaft 15 and the 
inner race or ring 17, the inner race or ring 17 is not 
dislocated and the preload so applied is not lost. The 
assembly so completed can therefore be handled as an integral 
ball bearing. This can hence facilitate the work which is 
required to construct a bearing portion for a spindle in VTR 
or HDD. Owing to the preload applied in the axial direction, 
the rotatable support of the spindle can be achieved with high 
accuracy. 

The inner race or ring 17 can however be displaced relative 
to the small-diameter portion 15a by axially applying a force 
greater than the holding force produced by the interference 
fitting. It is therefore possible to subsequently adjust, 
namely, either increase or decrease the preload applied to the 
rolling bearing provided that a suitable force greater than 
the load mentioned above is applied to the inner race or ring 
17 to have the inner race or ring 17 displaced in an axial 
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direction* 

Next, Figs. 9(A) through 9(E) illustrate the second example, 
where first inner raceway 16a and second inner raceway 18a are 
respectively formed in the outer peripheral faces of the 
spindle or shaft 15 and of an inner race or ring 17a 
subsequent to external fitting of the inner race or ring 17a 
on the small-diameter portion 15a as depicted in Figs. 9(A) 
through 9(C) in this embodiment. 

By adopting such a construction, upon the external fitting 
of the inner race or ring 17a on the small -diameter portion 
15a, the inner raceway 18a is prevented from being deformed or 
distorted into a non-circular shape. The second inner raceway 
18 (see Figs. 9 (A) through 9(D)) may be deformed or distorted 
upon the external fitting. 

Reference is next made to Figs. 10(A) through 10(B) which 
illustrates the third example. As is depicted in Fig. 10(A), 
formed in an inner peripheral face of a main outer race or 
ring 20 are a smaller diameter portion 20a, a larger diameter 
portion 20b, and a stepped portion 20c connecting the portions 
20a and 20b together. A subordinate outer race or ring 21 is 
Internally fittable in the large-diameter portion 20b. In an 
inner peripheral face of the subordinate outer race 21 and an 
inner peripheral face of the small-diameter portion 20a, 
grooves 22a , 22b having an arcuate cross-section are formed 
over the entire circumferences thereof, respectively. 
Further, the subordinate outer race 21 has an outer diameter 
which is somewhat greater in a free state than the inner 
diameter of the large-diameter portion 20b. 
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To manufacture a preloaded rolling bearing by using -the main 
outer race or ring 20 and the subordinate outer race or ring 
21, In a first step, the subordinate outer race or ring 21 Is 
first fitted Internally in the large-diameter portion 20b with 
sufficient strength of fitting as illustrated in Fig. 10(B), 
and a first outer raceway 23 and a second outer raceway 24 are 
formed in the grooves 22a, 22b, respectively, as shown in 
Figs .10(C). 

As has been described above, the first outer raceway 23 and 
second outer raceways 24 are formed after the main outer race 
or ring 20 and the subordinate outer race or ring 21 have been 
assembled. The roundness of these outer raceways 23, 24 can 
therefore be improved to a high level of accuracy and, 
moreover, the eccentricity between the outer raceways 23, 24 
and the outer peripheral face of the main outer race 20 can be 
minimized. Incidentally, the pitch P 2 between the first outer 
raceway 23 and the second outer raceway 24 formed as described 
above should be set longer than a pitch p 2 (see Fig. 10(E)) 
which is required to apply a predetermined preload (P 2 >P2)- 

In a second step, a spindle or shaft 2 with a pair of inner 
raceways 1 formed in an outer peripheral face thereof (see 
Fig. 10(D)) is next Inserted inside the main outer race or ring 
20 and the subordinate outer race or ring 21 assembled 
together in the first step, whereby the paired Inner raceways 
1 are positioned opposite the first and second outer raceways 
23 , 24 , respectively . 

In a third step, a illustrated in Fig. 2, the main outer race 
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ox ring 20 and subordinate outer race or ring 21 are then made 
eccentric relative to the spindle or shaft 2, and balls 5 are 
Inserted, as many as needed, In the spaclngs between the 
paired Inner raceways 1 and the first and second outer 
raceways 23, 24, respectively* 

In a fourth step, as shown In Fig. 10(D), the outer main race 
20 and subordinate outer race 21 are next made concentric 
relative to the spindle or shaft 2, and the balls 5 inserted 
between the paired inner raceways 1 and the first and second 
outer raceways 23, 24 are arranged circumferentially at equal 
intervals. In this fourth step, retainers 6 are attached to 
the balls 5 arranged at equal intervals. 

In a fifth step, the subordinate outer race or ring 21 is 
finally displaced in an axial direction, that is, in a 
leftward direction as viewed in Fig. 10(D), along the inner 
peripheral face of the main outer race or ring 20 so that, as 
is depicted in Fig. 10(E), the pitch between the first outer 
raceway 23 and the second outer raceway 24 is shortened to the 
pitch p£ required to apply a predetermined preload. At this 
point, the predetermined preload Is applied to the balls 5. 
Seals 7, 7a are then attached as in Fig. 10(B) so that a 
rolling bearing is completed* 

As In the fourth example shown in Figs. 11(A) and 11(B), a 
pair of subordinate outer race or rings 21, 21a can be 
internally fitted in a main outer race or ring 20A, which 
itself does not have any outer raceway. 

In the construction of Figs. 11(A) and 11(B), a pair of inner 
raceways 1 are formed on the outer peripheral face of the 
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inner ring ox race 17c. 

Fig. 12(A) and Fig. 12(B) show a fifth example where the 
preload is adjusted by changing the pitch of the first and 
second inner raceways. In this case, a pair of inner races or 
rings 17, 17b, can be fitted onto the spindle or shaft 2 with 
the first and second inner raceways 16b, 18b formed on the 
outer peripheral faces of the inner ring or races 17, 17b. 

The preloaded double-row ball bearing disclosed as in 
Japanese Patent First Publication KOKAI No. H6-221326 and 
constructed and operating as mentioned above have however 
still the following problems to be solved. 

The preloaded double-row ball bearings are not necessary 
preloaded when they are installed for example in an electric 
motor which is a driving source of HDD etc. There is a case, 
for example, where a double-row ball bearing is discharged 
without preloading from a bearing factory, and installed in an 
electric motor in a motor assembling factory before the balls 
5 in rows are preloaded by axial displacement of the inner 
rings or races 17, x7a 17b (Figs. 8(A) to 8(E), 9(A) to 9(B), 
12(A) and 12(B)) or of the subordinate outer rings or races 
21, 21a (Figs. 10(A) to 10(E), 11(A) and 11(B)). 

On the other hand, if the precise ball bearings to be 
installed in the HDD etc. have even small flaws in the 
surfaces of the raceways and/or balls, that is in the raceway 
surface and/or rolling surfaces, the equipment such as HDD 
having such ball bearings installed in it is worsened in 
performance due to vibrations caused by rotation. 

Accordingly, the ball bearings to be installed in the 
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precise equipment such as the HDD etc. are individually 
examined for flaws on the raceways and rolling surfaces before 
installation. In order to examine the flaws, the spindle or 
shaft 15, 2 and the outer ring or race 19 (or main outer rings 
or races 20, 20A and subordinate outer rings or races 21, 21a) 
are rotated relative to each other to measure the acoustic 
sound caused by rotation. The flaws on these surfaces would 
produce peaks in the acoustic sound level. 

However, in the double-row ball bearings which is not 
preloaded, the contact conditions between the raceway and the 
rolling surfaces of balls are different from the contact 
conditions in use, that is when preloaded. Therefore, they 
are not precisely examined. 

In addition, the rolling surfaces of the balls come into 
rolling contact only with the specific areas of the raceways 
when preloaded, while the rolling surfaces of the balls not 
necessarily come into rolling contact with the same specific 
areas of the raceways when not preloaded. 

It should be noted that inspite of the fact that there are 
flaws on the specific areas of the raceways, they are not 
detected unless the rolling surfaces of the balls come into 
contact with the specific areas of the raceways when examined. 

The ball bearings which has passed through the examination 
with the existence of flaws not found, are Installed in a 
motor, and preloaded before the following rotation test. 

The motor is examined in the rotation test, and if the flaws 
in the ball bearing are found in this test, the whole motor 
including the ball bearings must be rejected as a defective 
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product. 

It Is economically undesirable to reject the whole motor 
simply because of the flaws In the ball bearing. 
Summary of the Indention 

The present Invention provides a preloaded double-row ball 
bearing taking into consideration the problems as mentioned 
above. 

An object of the present invention is to provide a double- 
row ball bearing comprising: 

a first member having a first peripheral face, 

a second member disposed concentric with the first member 
and having a second peripheral face opposed to the first 
peripheral face, 

the first peripheral face having a first raceway formed 
thereon, 

the second peripheral face having a second raceway formed 
thereon so as to face to the first raceway and a third raceway 
formed thereon and axlally displaced from the second raceway, 

a third member supported by the first member with a 
sufficient fitting strength and provided concentric with the 
first and second members and having a third peripheral face 
opposed to the seconU peripheral face, 

the third peripheral face having a fourth raceway formed 
thereon so as to face to the third raceway, and 

a plurality of balls provided between the first raceway and 
the second raceway, and between the third raceway and the 
fourth raceway, wherein there are a first pitch corresponding 
to the space between the first raceway and the fourth raceway, 
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and a second pitch corresponding to the space between the 
second raceway and the third raceway, so that the first pitch 
and the second pitch are controlled so as not to preload the 
balls* 

An another object of the present invention is to provide a 
method of producing a double row ball bearing: 

by assembling a first member provided with a first 
peripheral face so as to form a first raceway on the first 
peripheral face, 

a second member provided with a second peripheral face 
opposed to the first peripheral face so as to form on the 
second peripheral face, second and third raceways which are 
axially displaced from each other, and 

a third member provided with a third peripheral face opposed 
to the second peripheral face so as to form a fourth raceway 
on the third peripheral face, 

such that the third member is supported by the first member 
with a sufficient fitting strength, wherein the first raceway 
is faced to the second raceway while the third raceway is 
faced to the fourth raceway, and 

by inserting balls between the first and second raceways, 
and between the third and fourth raceways, wherein there are a 
first pitch corresponding to the space between the first 
raceway and the fourth raceway, and a second pitch 
corresponding to the space between the second raceway and the 
third raceway, so that the first pitch and the second pitch 
are controlled so as not to preload the balls. 

in the state where the balls are not preloaded, while 
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ax i ally opposite forces ara alternatively applied to the first 
member and the third member relative to the second member, the 
first member and the third member are rotated relative to the 
second member, whereby acoustic sound produced by rotation is 
measured to examine the existence of flaws on the surfaces of 
the raceways and balls. After examination, the third member 
is axially displaced with reference to the first member, so 
that the relationship between the first pitoh and second pitch 
is changed for preloading the balls by a predetermined amount. 
Brief Dftftrnr-f ptinn r>«F «fchg Drawings 

Fig. 1(A) is a side view of a shaft for use in a prior art 
ball bearing. 

Fig. 1(B) is a cross sectional view of an outer ring of the 
prior art ball bearing. 

Fig. 1(C) is a cross sectional view of the prior art ball 
bearing comprising the shaft of Fig. 1(A) and the outer ring of 
Fig. 1(B). 

Fig. 2 is a cross sectional view showing the outer and inner 
raceways which are made eccentric so that the balls can be 
Insert between them. 

Fig. 3 is a cross sectional half view showing an example of 
the prior art constructions. 

Fig. 4 is a cross sectional half view showing a second 
example of the prior art constructions. 

Fig. 5 is a cross sectional view showing a third example of 
the prior art constructions. 

Fig. 6 is a cross sectional half view showing a fourth 
example of the prior art constructions. 
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F±g.7 is a cross sectional view showing a fifth example of 
the prior art constructions. 

Fig. 8(A) to Fig* 8(D) are cross-sectional views to show thB 
steps where a prior art preloaded double row ball bearing is 
assembled. 

Fig. 9(A) to Fig. 9(E) are cross sectional views to show the 
steps where another prior art preloaded double row ball 
bearing is assembled. 

Fig. 10(A) to Fig. 10(B) are cross sectional views to show the 
steps where another prior art preloaded double row ball 
bearing is assembled. 

Fig. 11(A) and Fig. 11(B) are cross sectional half views to 
show the steps where another prior art preloaded double row 
ball bearing is assembled. 

Fig. 12(A) and Fig. 12(B) are cross sectional half views to 
show the steps where another prior art preloaded double row 
ball bearing is assembled. 

Fig. 13 is a cross sectional view of an embodiment of the 
ball bearing according to the present invention. 

Fig. 14 is a cross sectional view of the ball bearing of 
Fig. 13 which is set in the inspection apparatus to examine 
flaws. 

Fig. 15(A) is an enlarged cross sectional view of the portion 
A of the ball bearing in Fig. 14 in the first inspection step. 

Fig. 15(B) is an enlarged cross section view of the portion B 
of the ball bearing in Fig. 14 in the first inspection step. 

Fig.l6(A) is an enlarged cross sectional view of the portion 
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A of -the ball bearing In Fig, 14 in the second Inspection step* 
Fig. 16(B) is an enlarged cross sectional view of the portion 
B of the ball bearing in Fig. 14 in the second Inspection step. 

Detailed Description of the Preferred Rmhod-f mftn-hq 

Now, some embodiments of the present invention are explained 
corresponding to the drawings. 

Fig. 13 to Fig. 16 show an embodiment of the present 
invention* Specif ically, the present invention in this 
embodiment is applied to the construction of Figs. 12(A) , 
12(B) „ The present Invention can also be applied to the 
constructions as shown in Fig. 8(A) to Fig. 11(B). 

In Fig. 13, the shaft 26 has an outer peripheral face on 
which a pair of inner rings or races 27 are fitted with a 
sufficient fitting strength, so that the inner rings or races 
27 are not moved by the reaction force based on the 
preloading. 

A cylindrical outer ring or race 28 is provided around the 
inner rings or races 27 and concentric with the shaft 26 and 
the Inner rings or races 27. 

The inner rings or races 27 are provided with an inner 
raceway 29 of the deep groove type on their outer peripheral 
face, respectively. 

The outer ring or race 28 is provided with an outer raceway 
30 of the deep groove type at either axial end on its inner 
peripheral face. The term "axial" means the left-right 
direction in Fig. 13. 

In Fig. 13, the shaft 26, and one of the inner rings or races 
27 fitted onto the shaft 26 may be referred to as a first 
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member, the outer ring or race 28 may be referred to as a 
second member, and the other of the inner rings or races 27 
may be referred to as a third member. 

The inner raceway 29 on the one of the inner ring 27 may be 
referred as the first raceway, and one of the outer raceways 
30 opposed to the inner raceway or first raceway 29, the other 
of the outer raceways 30, the inner raceway 29 on the outer 
peripheral face of the other of the inner ring 27 may be 
referred to as the second, third and fourth raceways, 
respectively • 1 

A plurality of balls 5 are rotatably provided between the 
inner raceways 29 and the outer raceways 30, respectively, and 
located circumferentially at a uniform space by a retainer or 
cage 6, respectively. 

A seal 7 is provided at either opening section of the outer 
ring or race 28. 

The pitch P 2 g of the inner raceways 29 is larger than the 
pitch p 2 9 with which the balls 5 in each row is preloaded 

( p 29 > P29^ * 

Specifically, the pitch p 2 g for preloading must be 
sufficiently smaller than the pitch P 30 of the outer raceways 
30' (P29 <<p 3o)* Practically, (P3Q-P29 )<lnun. 

On the other hand, the pitch P 2 g in the condition where the 
existence of flaws is examined before installation into the 
motor etc. is equal to or slightly smaller than the pitch P 30 
of the outer raceways 30 (P2g- p 3o)* 

The double row ball bearing assembled in this way is set in 
an inspection apparatus as shown in Fig .14 to check whether 
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any flaws exist: In -the Inner raceways 29, outer raceways 30 
and the rolling surfaces of the balls 5. 

This inspection apparatus is disclosed in Japanese Patent 
First Publication KOKAI No* H5 -10835. The shaft 26 is 
stationary and the outer ring or race 28 is rotatable. The 
acoustic sound produced as the outer ring or race 28 is 
rotated is detected by a vibration pickups 31a, 31b which 
output detection signals. The flaw inspection is carried out 
based on the detection signals from the vibration pickups 31a, 
31b. 

The shaft 26 is axially pressed by a preload cylinder 32 
during Inspection to preload each of the balls 5 in the row on 
the side of pressing face (right in Fig. 14). This preload is 
equal in strength to the preload applied during use (during 
install a- .on in the motor etc.). 

In this condition, the holder 33 holding the outer ring or 
race 28 is rotated to detect the acoustic sound produced by 
the vibration pickups 31a, 31b. 

When the shaft 26 is pressed in the double row ball bearing 
which is not preloaded, the balls 5 in the row on the side of 
pressing face (right in Fig. 14) are come into rolling contact 
with the inner and outer raceways 29 , 30 at a predetermined 
contact angle as in Fig. 15(A). This contact angle is 
substantially the same as that during use. 

On the other hand, a clearance is provided between the balls 
5 in the row du the other side opposite to the pressing face 
(left in Fig • 14) and ths inner and outer raceways 29, 30 as 
shown in Fig, 15(B). 
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In this condition, -the outer ring or race 28 is rotated, and 
the vibrations caused by rotation of the outer race or ring 28 
caused by rotation are detected by the pickups 31a, 31b, so 
that any flaws in the inner raceways 29, outer raceways 30 and 
the rolling surfaces of balls 5 on the side of the pressing 
face can be detected. 

When it is assured that any flaws exist through the 
inspection, the double row ball bearing under the inspection 
is rejected. On the contrary, if no flaw is detected, the 
shaft 26 is forced rearwards for the next similar inspection* 

Specifically, as the shaft 26 is forced rearwards, the balls 
5 on the other side (left in Fig. 14) come into rolling contact 
with the inner and outer raceways 29, 30, so that inspection 
of flaws is possible in the areas not inspected. Practically, 
the outer race or ring 28 of the double row ball bearing is 
withdrawn from the holder 33, and the direction of the double 
row ball bearing is changed by 180 degrees. Then, the outer 
ring or race 28 is again assembled in the holder 33 for the 
inspection on the other side. Only the double row ball 
bearings with no flaws detected are then discharged to the 
motor assembling factories etc. 

In the motor assembling factories etc., the double row ball 
bearings experienced the inspection as mentioned above are 
installed into motors, and then one or both of the inner rings 
or races 27 is axially displaced to make the inner rings or 
races 27 in pair closer to each other, so that the pitch of 
the inner raceways 29 on the outer peripheral faces of the 
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Inner rings or races 27 becomes equal to the pitch P2g* 

According to the present invention on the double row ball 
bearing and the producing method for the same, it is prevented 
that defective parts are erroneously installed in the double 
row ball bearings within various devices to decrease the yield 
of the devices with the double row ball bearings. 

Specifically, according to the present invention for 
producing a double row ball bearing, the existence of flaws on 
the raceways and/or on the ball surfaces can be examined 
before preloading the balls. Accordingly it is prevented that 
any defective ball bearings are erroneously installed in the 
motor etc. 
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1. A double-row ball bearing comprising: 

a first member having a first peripheral face, 

a second member disposed concentric with the first member 

and having a second peripheral face opposed to the first 

peripheral face, 

the first peripheral face having a first raceway formed 

thereon, 

the second peripheral face having a second raceway formed 
thereon so as to face to the first raceway and a third raceway 
formed thereon and axially displaced from the second raceway, 

a third member supported by the first member with a 
sufficient fitting strength and provided concentric with the 
first and second members and having a third peripheral face 
opposed to the second peripheral face, 

the third peripheral face having a fourth raceway formed 
thereon so as to face to the third raceway, and 

a plurality of balls provided between the first raceway and 
the second raceway, and between the third raceway and the 
fourth raceway, wherein there are a first pitch corresponding 
to the space between the first raceway and the fourth raceway, 
and a second pitch corresponding to the space between the 
second raceway and the third raceway, so that the first pitch 
and the second pitch are controlled so as not to preload the 
balls. 

2. The double-row ball bearing of Claim 2, wherein the first 
member is formed by a shaft and a first inner ring fitted 
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-thereon, the second member is formed by an outer ring, and a 
-third member is formed by a second inner ring juxtaposed to 
-the first inner ring* 

3. A method of producing a double row ball bearing: 

by assembling a first member provided with a first 
peripheral face so as to form a first: raceway on the first 
peripheral face, 

a second member provided with a second peripheral face 
opposed to -the first peripheral face so as to form on the 
second peripheral f**ce, second and third raceways which are 
axial ly displaced from each other, and 

a third member provided with a third peripheral face opposed 
to the second peripheral face so as to form a fourth raceway 
on the third peripheral face, 

such that the third member is supported by the first member 
with a sufficient fitting strength, wherein the first raceway 
is faced to the second raceway while the third raceway is 
faced to the fourth raceway, 

by inserting balls between the first and second raceways, 
and between the third and fourth raceways, wherein there are a 
first pitch corresponding to the space between the first 
raceway and the fourth raceway, and a second pitch 
corresponding to the space between the second raceway and the 
third raceway, so that the first pitch and the second pitch 
are controlled so as not to preload the balls, 

by applying axlally opposite forces alternatively to the 
first member and the third member relative to the second 
member in the state where the balls are not preloaded, so that 
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-the first: member and the third member are rotated relative to 
the second member, 

by measuring acoustic sound produced by rotation to examine 
the existence of flaws on the surfaces of the raceways and 
balls, and 

by axlally displacing the third member with reference to the 
first member, so that the relationship between the first pitch 
and second pitch is changed for preloading the balls by a 
predetermined amount* 

4. The method of Claim 3, wherein the first member is formed by 
a shaft and a first inner ring fitted thereon, the second 
member is formed by an outer ring, and a third member is 
formed by a second inner ring juxtaposed to the first inner 
ring. 
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